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TURBINE NOZZLE SEGMENT 
BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 The present invention relates to a turbine nozzle segment composing a part of a 

turbine nozzle to be installed onto the back of a turbine case of an aircraft engine. 

2. Description of the Related Art 

In the technical field of aircraft engines, a technique of dividing the turbine nozzle into 
a plurality of turbine nozzle segments has been widely employed because this enhances the high 

10 temperature strength, etc. of the turbine nozzle. Generally, the turbine nozzle segment 
comprises a plurality of stator vanes, an arc-like inner band integrally molded at the inner end of 
a plurality of the stator vanes, an arc-like outer band integrally molded at the outer end of a 
plurality of the stator vanes. 

The concrete constitution of the inner band is as follows. An inner platform is 

1 5 formed at the inner end (on the hub side) of a plurality of the stator vanes, and the inner platform 
has a flange portion protruding inward at its back end and also has an inner flow-path face on its 
outer side. An inner leg is formed on the inner side of the inner platform, and the inner leg has 
a support arc at its inner end. 

An outer platform is formed at the outer end (on the tip side) of a plurality of the stator 

20 vanes, and the outer platform has an outer flow-path face on its inner side. A forward outer leg 
is formed on the outer side of the outer platform, and the forward outer leg has, at its front end, a 
forward hook able to fit in an nozzle support hook of the turbine case. A aft outer leg is formed 
at the back of the forward outer leg on the outer side of the outer platform. 

When the turbine nozzle assembly, which comprises a plurality of the turbine nozzle 

25 segments with the above constitution, is installed onto the back of the turbine case, the following 
operation will be performed using a assembly fixture. The assembly fixture is composed of 
the same number of inner lock pieces and outer lock pieces respectively as that of the turbine 
nozzle segments. That is to say, a plurality of the turbine nozzle segments are disposed in a 
circle to configure the turbine nozzle assembly. 

30 By inserting and turning each inner lock piece of the assembly fixture in between the 

inner platform and the support arc of the turbine nozzle segment corresponding thereto, each 
inner lock piece is hooked on the flange portion corresponding thereto of the turbine nozzle 



2 



segment In a similar manner, by inserting and turning each outer lock'piece of the assembly 
fixture in between the outer platform and the aft outer leg of the turbine nozzle segment 
corresponding thereto, each outer lock piece is hooked on the vicinity at the back end of the 
outer platform corresponding thereto of the turbine nozzle segment. Thereby, the turbine 
5 nozzle assembly can be temporarily loaded on the assembly fixture. 

Then by making the assembly fixture approach to the back of the turbine case, the 
forward hook of the forward outer leg of each turbine nozzle segment is fit into the nozzle 
support hook of the turbine case. And then, the assembly fixture is separated from the turbine 
case by means of releasing the hooked state of each inner lock piece and the hooked state of 
1 0 each outer lock piece, respectively. 

SUMMARY OF THE INVENTION 

The inner platform has the flange portion at its back end so as to hold the hooked state 
of the inner lock piece stable while the turbine nozzle assembly is loaded on a assembly fixture, 

1 5 however, the hooked state of the outer lock piece may turn extremely unstable while the turbine 
nozzle is also loaded on the assembly fixture in the case where the outer platform is configured 
to be approximately parallel to the engine center line (engine axis). Therefore, in such a case, 
the nozzle segments are liable to displace from the assembly fixture resulting in a problem that, 
for example, fitting the forward hook of the nozzle segment in the nozzle support hook of the 

20 turbine case is so difficult that a fixing operation will become laborious. 

According to a technical aspect of the present invention, a turbine nozzle segment of a 
turbine nozzle assembly to be installed onto the back of a turbine case of an aircraft engine 
comprises a plurality of stator vanes, an arc-like inner band integrally molded at the inner end of 
a plurality of the stator vanes, an arc-like outer band integrally molded at the outer end of a 

25 plurality of the stator vanes, an inner platform formed in the inner band which has a flange 
portion protruding inward at a back end thereof and an inner flow-path face on an outer side 
thereof, an inner leg formed on the inner side of the inner platform of the inner band having an 
arc-like seal support at inner end thereof, an outer platform formed in the outer band having an 
outer flow-path face on inner side thereof, a forward outer leg formed on the outer side of the 

30 outer platform of the outer band having at an inner end thereof an forward hook being able to fit 
in an nozzle support hook of the turbine case, a aft outer leg formed at the back of the forward 
outer leg on the outer side of the outer platform, and a hook member formed at the 
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circumferentially central portion of the back end of the outer platform, wherein an outer lock 
piece of a assembly fixture for installing the turbine nozzle onto the turbine case can be hooked 
on the hook member. 

According to another aspect of the present invention, also a back surface of the aft 
5 outer leg (23s) is configured so as to increase backward gradually in a radius of its arc, and the 
front surface of the hook member is configured so as to be opposite to the back surface of the aft 
outer leg. 

According to still another aspect of the present invention, the front surface of the hook 
member is approximately parallel to the back surface of the aft outer leg. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.l is a side view of a turbine nozzle segment according to an embodiment of the 
present invention; 

Fig.2 is an enlarged view of the portion A in Fig.6; 
1 5 Fig.3 is a rear view of the turbine nozzle segment according to the embodiment of the 

present invention; 

Fig.4 is an enlarged view of the portion B in Fig.l ; 

Fig. 5 is a schematic view showing a state where the turbine nozzle segment according 
to the embodiment of the present invention has been loaded on a assembly fixture; 
20 Fig.6 is a schematic view illustrating an installation operation of the turbine nozzle 

segment according to the embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

In the following, an embodiment of the present invention will be described referring to 
25 Fig. 1 - Fig.5. Fig. 1 is a side view of a turbine nozzle segment according to an embodiment of 
the present invention and shows the turbine nozzle segment installed onto a turbine case of an 
aircraft engine. Fig.2 is an enlarged view of the portion A in Fig.6, Fig.3 is a rear view of the 
turbine nozzle segment according to the embodiment of the present invention, Fig.4 is an 
enlarged view of the portion B in Fig.l, Fig.5 is a schematic view showing a state where the 
30 turbine nozzle segment according to the embodiment of the present invention has been loaded 
on a assembly fixture, and Fig.6 is a schematic view illustrating an installation operation of the 
turbine nozzle segment according to the embodiment of the present invention. 



4 



Terms "front" and "back or rear" refer to being on/toward the left hand side (+z 
direction) and on/toward the right hand side (-z direction) respectively in Figs.l and 4, 
downward (+z direction) and upward (-z direction) respectively in Figs. 2 and 6, and being 
on/toward this side (+z direction) and on/toward the far side (-z direction) of the plane of the 
5 drawings in Fig.3 and Fig.5. A Term "inner" refers to a downward (-r direction) in Figs. 1,3, 
and 4, and to being on/toward the right hand side (-r direction) in Fig.2. A term "oute^' refers 
to an upward (+r direction) in Figs. 1, 3, and 4, and to being on/toward the left hand side (+r 
direction) in Fig.2. 

As shown in Figs. 1, 3 and 5, a turbine nozzle segment 1 according to an embodiment 

10 of the present invention, which is a segment composing part of a turbine nozzle assembly 5 to 
be installed onto the back of a turbine case 3, comprises a plurality of stator vanes 7, an arc-like 
inner band 9 integrally molded at the inner (-r direction) end of a plurality of the stator vanes, an 
arc-like outer band 1 1 integrally molded at the outer (+r direction) aid of a plurality of the 
stator vanes, and a seal member 13 with a honeycomb structure provided by brazing on the 

15 inner end of the inner band 9. It should be noted that the number of the turbine nozzle 
segments 1 composing the turbine nozzle assembly 5 as shown in Fig.5 is only for illustration 
and is usually larger than that illustrated in the figure. 

The concrete constitution of the inner band 9 is described as follows. As shown in 
Fig. 1 and Fig.3, an inner platform 1 5 is formed at the inner end of a plurality of the stator vanes 

20 7, and the inner platform 15 has an inner flow-path face 15s on its outer side, and the inner 
platform 15 also has a flange portion 15a protruding inward at its back end. And there, the 
inner platform 15 is configured so as to extend inward (-r direction) toward its back side (-z 
direction) in the engine axis. In other words, the engine axis is the direction of the engine axle 
of the stator vanes and that is in the left and right direction (in the direction of z-axis) in Fig.l 

25 and is in the upward and downward direction (in the direction of z-axis) in Fig.2. An inner leg 
17 is formed on the inner side of the inner platform 15, and the inner leg 17 has a seal support 
17a at its inner end. 

As shown in Fig.l to Fig.4, an outer platform 19 is formed at the outer end of a 
plurality of the stator vanes 7, and the outer platform 19 has an outer flow-path face 19s on its 
30 inner side. The outer flow-path face 19s of the outer platform 19 is configured so as to be 
substantially parallel to the engine axis (in the direction of z-axis). 

A forward outer leg 21 is formed on the outer side of the outer platform 19, and the 
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forward outer leg 21 has, at its front end, a forward hook 21a able to fit in an nozzle support 
hook 3a of the turbine case 3. A aft outer leg 23 is formed at the back (-z direction) of the 
forward outer leg 21 on the outer side of the outer platform 19, and the aft outer leg has a aft 
hook 23a being held by a rear shroud segment 25 at its front (+r direction) end portion. A 
5 anti-rotation slot 23b being able to link with a anti-rotation pin 27 is formed in a part of the aft 
hook 23a of the aft outer leg 23, and the nozzle segment 1 is held so as not to turn and move by 
the anti-rotation pin 27. The back surface 23s of the aft outer leg 23 is configured so as to 
increase backward (-z direction) gradually in a radius of its arc. 

A hook member 29 is formed at the back end and also in the circumferentially (in the 

10 0 direction) central portion of the outer platform 19. An outer lock piece 33 of a assembly 
fixture 31 for installing the turbine nozzle assembly 5 onto the turbine case 3 can be hooked on 
the hook member 29. A front surface 29s of the hook member 29 is configured so as to be 
approximately parallel and opposite to the back surface 23 s of the aft outer leg 23. The front 
surface 29s is configured so as to extend outward (+r direction) toward its backside (-z 

15 direction) in the engine axis (in the direction of z-axis). That is to say, the front surface 29s of 
the hook member 29 is configured so as to increase backward (-z direction) gradually in a 
radius of its arc. In Fig.4, for example, the back surface 23 s of the aft outer leg 23 and the front 
surface 29s of the hook member 29 are illustrated as slopes parallel with each other. 

A length m of the hook member 29 in the circumferential direction is configured to be 

20 0.15 times larger than or equal to and also 0.3 times smaller or equal to a length M of the outer 
platform 19 in the circumferential direction (in the 0 direction). This relationship is expressed 
as0.15M<m<0.3M. 

A height h of the hook member 29 is configured to be in a range of 0.1 times larger 
than or equal to and 0.25 times smaller than or equal to a height H between the outer platform 

25 19 and the aft hook 23a of the aft outer leg 23. This relationship is expressed as 0.1 5H < h < 
0.3H. 

As shown in Fig.5 and Fig.6, a assembly fixture 3 1 includes a fixture base 35, and the 
outer lock pieces 33, which have the same number as that of the turbine nozzle segments 1, are 
provided at an equal spacing circumferentially (in the 0 direction) along the outer periphery of 
30 the jig base 35, and inner lock pieces 37, which have the same number as that of the turbine 
nozzle segments 1 , are provided at an equal spacing circumferentially (in the 0 direction) along 
the inner periphery of the jig base. Each of the outer lock pieces can be articulated by 
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operating an outer lever 39 and each of the inner lock pieces 37 can also be articulated by 
operating an inner lever 41 . 

When the turbine nozzle assembly 5 composing a plurality of the turbine nozzle 
segments 1 with the above constitution is installed onto the back of the turbine case 3, the 
5 following operation will be performed using the assembly fixture 31. At first, a plurality of the 
turbine nozzle segments 1 are disposed in a circle using a disposition jig (omitted in the figure). 
Thereby, the turbine nozzle assembly 5 can be assembled with a plurality of the turbine nozzle 
segments 1. 

In the next, as shown in Fig.2 and Fig.5, each inner lock piece 37 of the assembly 

10 fixture 31 is inserted between the inner platform 15 and the seal support 17a of the turbine 
nozzle segment 1 corresponding thereto, and each inner lock piece 37 is articulated by operating 
the inner lever 41 to be hooked on the flange portion 15a corresponding thereto of the turbine 
nozzle assembly segment 1. In a similar manner, each outer lock piece 33 of the assembly 
fixture 31 is inserted (33a) between the outer platform 19 and the aft outer leg 23 of the turbine 

1 5 nozzle segment 1 corresponding thereto, and each outer lock piece 33 is articulated by operating 
the outer lever 39 to be hooked (33b) on the hook member 29 corresponding thereto of the 
turbine nozzle segment 1. Thereby, the turbine nozzle assembly 5 can be temporarily loaded 
on the assembly fixture 3 1 . 

Since the turbine nozzle segment 1 has the flange on the inner platform 15 and the 

20 hook member on outer platform 19, the turbine nozzle assembly can be loaded on the nozzle 
assembly fixture 3 1 stably by the outer lock piece 33 and the inner lock piece 37. 

Since the front surface 29s of the hook member 29 is configured so as to be 
substantially parallel and opposite to the back surface 23s of the aft outer leg 23, at least a part 
p2 of the back surface 23s of the aft outer leg 23 and at least a part pi of the front surface 29s of 

25 the hook member 29 can be locally pressed to nearly opposite directions by inserting and 
turning the outer lock piece 33 in between the outer platform 19 and the aft outer leg 23. 
Consequently, the hooked state of the outer lock piece 33 can be made stable, even though the 
length of the hook member 29 in the circumferential direction is not so long and the height of 
the hook member 29 is not so high. Further, the position and direction of the turbine nozzle 

30 segments 1 can be stabilized by means of restraining the radial (in the r-axis direction) 
displacement of the turbine nozzle segments 1 . 

Moreover, since the length m of the hook member 29 in the circumferential direction 
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is configured to be larger than or equal to 0.15 M and also smaller or equal to 0.3 M and the 
height h of the hook member 29 is configured to be larger than or equal to 0.1 H and also 
smaller or equal to 0.25 H, the hooked state of the outer lock piece 33 can be made more stable 
by means of further restraining the circumferential length and the height of the hook member 
5 29. 

Then, as shown in Fig.l and Fig.6, by means of letting the assembly fixture 3 1 reach 
the turbine case 3 from its backside (in the -z direction), the forward hook 21a of the forward 
outer leg 21 of each turbine nozzle segment 1 is fit into the nozzle support hook 3a of the turbine 
case 3. Further, the assembly fixture 31 is separated from the turbine case 3 by means of 

10 releasing the hooked state of each inner lock piece 37 and the hooked state of each outer lock 
piece 33 respectively, after having linked the anti-rotation slot 23b in the aft hook 23a of the aft 
outer leg 23 of each turbine nozzle segment 1 to the anti-rotation pin 27. Finally, the aft hook 
23a of the aft outer leg 23 is held with the rear shroud segment 25 and the turbine case 3. 

According to the embodiment of the present invention as described above, since the 

1 5 hooked state of the inner lock piece 37 and the hooked state of the outer lock piece 33 can be 
made stable while the turbine nozzle assembly 5 is loaded on the assembly fixture 31, the 
operation efficiency of installing the turbine nozzle assembly 5 can be enhanced by means of 
restraining the displacement of the turbine nozzle segments 1 relative to the assembly fixture 3 1 
even in such a case where the outer platform 19 is configured to be approximately parallel to the 

20 engine axis (in the z-axis direction). 

Since the hooked state of the outer lock piece 33 can be made stable while the turbine 
nozzle assembly 5 is loaded on the assembly fixture 31 even though the length of the hook 
member 29 in the circumferential direction is not so long and the height of the hook member 29 
is not so high, the weight of the turbine nozzle segment 1 can be lessened because there will be 

25 no need to lengthen either the hook member 29 in the circumferential direction or to lengthen 
the hook member 29 in an upward direction. 

Particularly, since the hooked state of the outer lock piece 33 can be made more stable 
while the turbine nozzle assembly 5 is loaded on the assembly fixture 31 in a case where the 
circumferential length or the height of the hook member 29 is restrained, the operation 

30 efficiency of installing the turbine nozzle assembly 5 can be still more enhanced as well as 
lessening the weight of the turbine nozzle segments 1 . 

The present invention should not be limited to the description of the above 
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embodiment of the invention but it can be applicable in various modes by making the 
appropriate conversion thereof. 

Effect of the Invention 

5 According to the present invention, since the hooked state of the inner lock piece and 

the hooked state of the outer lock piece can be made stable while the turbine nozzle is loaded on 
the assembly fixture, the operation efficiency of installing the turbine nozzle can be enhanced by 
means of restraining the rickety state of the turbine nozzle segments 1 relative to the assembly 
fixture 3 1 even though the outer platform 1 9 has been configured to be approximately parallel to 

10 the direction of the vane width. 

Further, according to a technical aspect of the present invention, since the hooked state 
of the outer lock piece can be made stable even though the circumferential length of the hook 
member is not so long or the height of the hook member is not so high, lessening the weight of 
the turbine nozzle segments 1 can be promoted because there will be no need to lengthen the 

15 circumferential length of the hook member or to lengthen the hook member in an upward 
direction. 

According to another technical aspect of the present invention, since the hooked state 
of the outer lock piece can be made more stable by further restraining the circumferential length 
and the height of the hook member, the operation efficiency of installing the turbine nozzle can 

20 be still further enhanced, as well as the weight of the turbine nozzle segments 1 being lessened 
Although the invention has been described above by reference to certain embodiments 
of the invention, the invention is not limited to the embodiments described above. 
Modifications and variations of the embodiments described above will occur to those skilled in 
the art, in light of the teachings. Entire contents of Japanese Patent Applications No. 

25 2003-123923, filed on April 28, 2003 are incorporated by reference herein. The scope of the 
invention is defined with reference to the following claims. 
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